The importance of making genomic data available for future research is now widely recognized among the scientific community and policymakers. In this era of shared responsibility for data dissemination, improved patient care through research depends on the development of powerful and secure data-sharing systems. As part of the concerted effort to share research resources, the project entitled Personalized Risk Stratification for Prevention and Early Detection of Breast Cancer (PERSPECTIVE) makes effective data sharing through the development of a data-sharing framework, one of its goals. The secondary uses of data from PERSPECTIVE for future research promise to enhance our knowledge of breast cancer etiologies without duplicating data-gathering efforts. Despite its benefit for research, we recognize the ethical challenges of data sharing on the local, national, and international levels. The effective management of ethical approvals for projects spanning across jurisdictions, the return of results to research participants, and research incentives and recognition for data production, are but a few pressing issues that need to be properly addressed. We discuss how we managed these issues and suggest how ongoing innovations might help to facilitate data sharing in future genomic research projects.
Introduction
Recently, Science announced it will promote selected data repositories, tag their datasets, and integrate such data-tagging schemas in its publications. 1 The editorin-chief asked readers to help identify repositories that are "well managed, have long-term support and are responsive to community needs". 1 We are entering the era of shared responsibility for data dissemination. Research participants, funding agencies, data producers, data analysts, and now editors consider themselves part of this global data-sharing initiative. Opportunities to improve cancer patient care through genomic research, for example, depend on the development of powerful and secure data-sharing systems. 2 Our international genomic research project on breast cancer, entitled Personalized Risk Stratification for Prevention and Early Detection of Breast Cancer (PERSPECTIVE), began in 2013. It builds large datasets benefiting from the support of its international research partners. Establishing data repository ethical frameworks for effective international data sharing over time is a challenge.
PERSPECTIVE is developing and implementing a personalized risk-stratification approach in order to prevent and detect breast cancer at its earliest stages. This approach seeks to classify women into risk categories using both genomic and phenotypic data. Genomic data will come from a genomic profiling test that submit your manuscript | www.dovepress.com
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Lévesque et al detects common and low-frequency genetic variants. Phenotypic data include various personal risk factors, such as breast density, age, familial history, hormone replacement therapy use, etc. As part of personalized medicine, the goal of this stratification is to offer women access to personalized, risk-adapted screening and prevention options. For instance, women at increased risk could be offered earlier and/or more screening than women at population risk.
Significant amounts of genomic data, and their associated phenotypic data, were collected and produced in order to develop such genomic screening tools. In fact, more than 150,000 samples and associated data generated from 90 studies 3 around the world are being analyzed in PERSPECTIVE. These analyses will allow the development of a genomic profiling test to inform a risk prediction model 4 for stratification of women within risk categories.
Data collected for PERSPECTIVE hold great value for future breast cancer research, including clinical data that characterize each breast cancer case associated with sequenced data. Secondary uses of data from PERSPECTIVE for as-yet unspecified research promises to enhance our knowledge of breast cancer etiologies without duplicating data-gathering efforts. The importance of making data available for secondary use in future research is now widely recognized among the scientific community and policy makers. [5] [6] [7] Moreover, oncogenomic research constitutes one of the most promising fields for secondary use of data. The UK government 100,000 Genomes Project to sequence 100,000 genomes with a focus on cancer and rare disease 8 will allow such access to data for further research.
Sharing research data with the scientific community can be mandatory. Indeed, data sharing is a requirement of the funders of PERSPECTIVE. It is both a scientific and an ethical responsibility. In 2015, efficient data sharing with a long-term vision -enabling the secondary use of data for years to come -should be considered standard practice for large-scale genomic research projects.
In this paper, we first illustrate how disseminating data is a core principle of PERSPECTIVE, and second, explain the ethical aspects of our data-sharing framework. Finally, we discuss a few ethical challenges we encountered in implementing this framework, and suggest how ongoing innovations might help to facilitate data sharing in future genomic research projects. Ethical challenges discussed include: 1) management of ethics approvals across jurisdictions, 2) return of results to research participants, and 3) research incentives and recognition for data production.
Data dissemination as a core principle
Storing and sharing data that are collected and produced in the context of research maximizes their utility, given the possibility of long-term data storage and multiple reuse. Providing access to these data is a return on the investment that society expects in exchange for its support of the research enterprise both financially and ideologically. Access to research data is also required to ensure that the full benefits of altruistic sample donation from research participants are realized, while allowing secondary uses of research data can make "actionable" the ethical principle of maximization of benefits.
The 2014 "International Charter of principles for sharing bio-specimens and data" 9 reflects the beginning of an international consensus supporting global data-sharing practices. Authors from several countries (Sweden, Italy, Canada, USA, Australia, France, UK, and Germany) contributed to the writing of the charter, which is the result of negotiations with many stakeholders, including patient representatives, legal experts, ethical experts, and industry representatives. The Charter recognizes that data are maximized when they are shared, thereby accelerating research and yielding benefits to current and future patients. In the same year, the Global Alliance for Genomics and Health (GA4GH) adopted the "Framework for responsible sharing of genomic and health-related data" 10 that provides guidance for the responsible sharing of data. Involving nearly 300 organizational members from 30 countries (eg, Japan, Brazil, China, Finland, Turkey, Mexico, India, Europe, USA, Canada, Italy, etc), the GA4GH aims to catalyze efforts that accelerate the potential of genomic medicine to advance human health. 11 The Framework acknowledges that sharing genomic and health-related data is key to ensuring continued progress in our understanding of human health and disease and is enshrined in the GA4GH constitution. Most importantly, it is built on two legally recognized human rights: the right of citizens to benefit from advances in science and of scientists to be recognized for their work. Finally, the OECD Principles and Guidelines for Access to Research Data from Public Funding, 12 Indeed, PERSPECTIVE was developed in the spirit of this movement. It complied with the funding agency policy to share data "in a timely fashion with minimal or no restrictions" 15 through developing a concerted datasharing plan concurrently with the core research proposal. PERSPECTIVE's data-sharing plan embraced the principle of open science, releasing data with minimal restrictions. 16, 17 
Data sharing ethical framework
An ethical framework for data sharing involves decisions on how, when, to whom, why, etc, data should be disseminated. It precedes choices about technology or platforms used to implement data workflow and analysis, the latter benefiting from many current available options (eg, Galaxy, 18 WebLab). 19 Making data sharing effective in a large-scale international project requires a framework to manage related issues. Privacy and security protection are crucial. Despite its desirability, sharing within the scientific community can be a considerable ethical challenge. Although publicly available data may be considered private to an individual (eg, voters list, court decisions, salary and the expenses of elected representatives), laws govern the "publicity" of such data. The same may not hold for research. Certainly, genomic data derived from research participant samples may reveal personal information that requires a strict level of privacy protection. Genomic data may also provide information regarding actual or future health status. This concern is particularly acute in PERSPECTIVE where genomic data are associated with a wide range of phenotypic data (eg, diagnosis, age, ethnicity, location, disease in family members, etc) when combined, could possibly identify an individual. Data sharing is further impeded when participants donate samples with express limitations on their future use, whether geographical or commercial, or restrictions on the types of research use.
The ethical framework for data sharing in PERSPECTIVE was built on an existing research platform, the Breast Cancer Association Consortium (BCAC). 3 Bringing together nearly 90 research units involved in breast cancer research, BCAC has been central to many discoveries related to breast cancer susceptibility. [20] [21] [22] It uses a central database located in the Genetic Epidemiology Unit at the Department of Public Health and Primary Care of the University of Cambridge (Cambridge, UK). To a great extent, BCAC data are used in PERSPECTIVE, or are derived from the samples the consortium provides. At the end of each phase of PERSPECTIVE, the data used and produced will be stored in the BCAC central database. This involves not only raw data, but also data generated from biological analysis and computational analysis: clinical data, phenotypic data, genotyping data, sequencing data, etc. Whether these data are usually called "raw data", "clinical data", or "results" is not relevant either for management of access or for the application of required privacy protection mechanisms. Considered on a continuum, all these data are the product of previous work, such as interviews with a patient, analysis of a mammogram, sample sequencing, etc.
Residual samples, if any, will be returned to their collection site (samples are not centrally stored or destroyed). Based on a decade's worth of research collaboration, BCAC has a long tradition of developing infrastructures, processes, and guidelines for facilitating data management and sharing. It was therefore an obvious choice to build upon their existing data-sharing platform.
In conformity with the BCAC guidelines, a researcher wishing to access data should propose a specific type of analysis (eg, particular single-nucleotide polymorphism [SNP], pathway, or phenotype). Then, the Data Access Committee examines the proposal and decides on whether to provide an access authorization (see Figure 1 ). Composed of the three BCAC working group chairs (ie, Survival and Pathology, Mammographic Density, and Risk Factors), the main grant holders of BCAC, plus up to three additional BCAC investigators on a rotational basis, this committee also helps to identify overlaps, suggest potential merges, and organize proposals. If the Data Access Committee grants access, the researcher obtains the right to lead the analyses and publish as lead author. Both BCAC members and nonmembers can apply to access the data. Nonmembers, however, are subjected to a delay of upwards of 12 months after the completion of genotyping before they may publish results. This 1-year delay provides an equitable recognition for those who devoted time and energy to data collection and analysis to exercise their rights to publish.
Although workable for BCAC, these current data-sharing guidelines were not entirely suitable for the PERSPECTIVE project. Adaptations were required to fully address the ethical issues specific to our project.
The most important issue was that of potential limitations on future uses of the data produced. Since PERSPECTIVE 
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Lévesque et al only uses secondary data collected originally for a previous study, the data produced by PERSPECTIVE -and subsequently stored in the database -may be considered a "third" use. Since samples and data originate from 90 different studies around the world, the least we can expect is a variety of limitations on future use. Regulations -legal and ethical -regarding the use of data differ across jurisdictions. Limitations might arise from the consent obtained at the time of sample and data collection (sometimes decades ago). These limitations could relate to geographical areas (no foreign transfer); researcher affiliation (only those involved in the collection); status of the funding agencies (eg, public versus charity organization); aim of the research (eg, diseasespecific); and length of storage (number of years mentioned). We want to both respect these limitations and also streamline the process so that only one data-sharing platform is used.
To address this issue, a contractual tool to regulate data sharing was developed. This tool comprises a set of research agreements that established the broad terms according to which data would be stored in the BCAC database and subsequently transferred for future research projects upon approved access. This Data Transfer Agreement template is mandatory for any transfer from the BCAC database. Existing BCAC data-sharing rules were also fully integrated as well as creating a customized clause for the inclusion of any specific limitations. Therefore, each group that contributes data to PERSPECTIVE may specify its own limitations in the agreement, which all future researchers wishing to use these data must respect. Each data-access request must comply with any applicable limitations. Data obtained under different conditions at different times might be stored and shared using the same ethical framework, making easier a single access point for genomic cancer researchers.
The particular context of PERSPECTIVE explains why a public repository was not used. Firstly, this 5-year project required a sharing system that could both 1) store and disseminate the data within the team between each interrelated phase of the project and 2) progressively disseminate data to the scientific community (even before the end of 5 years). Secondly, the amount of clinical, phenotypic, and familial data collected from each individual would considerably challenge privacy in the context of an open-access repository. We could not ensure that anonymization would be sufficient to protect privacy considering specifically the amount of data collected and future use of family history for research. Finally, a myriad of intrinsic limitations to future use associated with data or samples at the time of collection (eg, disease-specific) could be difficult -or impossible -to manage by existing public repositories. Although a public repository was not an option suitable for PERSPECTIVE, it remains a valuable option for many other projects. For instance, part of the data analyzed in collaboration with one phase of PERSPECTIVE will be put in dbGaP, as well as being in the BCAC database.
Actual ethical challenges and ongoing innovations
Like many projects attempting to expand their data-sharing practices, ethical approvals, return of results, and research incentives were the most pressing ethical issues encountered in the development of PERSPECTIVE's data-sharing framework. Below, we discuss from our experience how these ethical issues may affect a research protocol, and then how ongoing innovations can help manage these challenges.
ethics approvals
Undue delays and wasted resources are not uncommon in the absence of harmonization between ethics review boards, both in the review process and in the application of ethical principles. Ethics review boards located outside one's regulatory home fall victim to similar delays as those located within the same jurisdictional borders. Obtaining multiple ethics approvals is common to most researchers leading multi-institutional projects, and many have expressed their concerns about how it affects the development of their project. [23] [24] [25] [26] [27] Such evidence demonstrates the immediacy of considering solutions of, for example, a single, federated ethics review, 28 in contrast to the current system defined as "fragmented, inconsistent and inefficient". 29 PERSPECTIVE also faced the challenge of multiple ethics approvals with samples and data provided from 90 studies and analysis conducted in several laboratories located in different countries. Creativity and strategy were crucial. Among the management strategies used, the establishment of adapted arrangements with the ethics review board of the lead investigator was one of the most helpful. We first divided the project into seven smaller substudies that regrouped similar issues. These numerous but simpler substudies were reviewed one after the other by the ethics review board. This arrangement avoided overburdening the process with too many complex issues at the same time. We also managed with that principal ethics review board to "recognize" foreign ethics approvals from many countries by providing the ethics review board confirmation about the status and the management of data, privacy protection, and the return of individual results in those countries. Mutual confidence between the ethics reviews boards involved and with the researchers greatly factored into our achievement.
It should be noted, however, that these negotiations are extremely time-consuming and involved lawyers from the institutions and not just the researchers.
Despite a uniform set of ethical guidelines applicable throughout Canada, 30 a national ethics review board does not yet exist. Some provinces have put in place initiatives to harmonize local ethics approval, but this is often restricted to a particular research field. For instance, Ontario has established a central ethics review board for all clinical trials in oncology. 31 But nonclinical trial research has not benefitted from such centralization. For example, in 2015, Québec launched its new harmonization framework to simplify the multisite ethics approval process. 32 Now, an ethics approval issued from a Québec health center will be automatically recognized by any other Québec health center. But, once again, harmonization in Québec will not be universal, as some ethics review boards (eg, universities and pharmaceutical companies) wished to remain excluded from this reciprocal recognition system.
More promising for large-scale international genomic research is the initiative led by the GA4GH. Its Regulatory and Ethics Working Group is currently working on the development of an ethics review equivalency concept to allow for mutual recognition of ethics reviews. The proposal is to foster ethics review equivalency to harmonize ethics review policies, foster ethical conduct, and ensure compliance for datadriven research projects. 33, 34 This "equivalency" concept may include a central ethical review board that could operate on an international basis with national input and response. This ambitious and innovative project could offer an alternative solution since inefficiency, cost, inconsistency, and redundancy are currently the norm in ethics approvals of genomic research for international consortia. The development, adoption, and implementation of this concept or, perhaps, a more federated model will require the involvement of many countries, funders, universities, and researchers.
Return of results
As a project involving genomic analyses, including wholeexome sequencing, PERSPECTIVE must confront the issue of return of individual results. Whether individualized results produced under the auspices of research should be communicated to individual research participants is one of the more controversial questions in contemporary bioethics, and is considered "one of the most difficult challenges facing investigators." 35 The debate is considered a key frontier in research and practice because it is a question of translational science. 35 The American College of Medical Genetics and Genomics (ACMG) has weighed in on the debate, releasing its recommendations regarding when incidental findings in whole-exome and whole-genome sequencing should be returned. 36 Their mandatory return-of-results policy based on a panel of 57 genetic conditions raised strong opposition. 37, 38 ACMG then published a clarification 39 and finally revised its guidelines to offer an opt-out option of receiving incidental findings. 40 Although these recommendations are intended for the clinical context, they impact research. Indeed, the field of oncology demonstrates the ever-narrowing gap between research and care through translational initiatives. 41 The frontier between research and clinic is diminishing in the push toward big data. 42 The context is very different in research where legacy samples are used. In PERSPECTIVE, samples and data were previously collected at different times, often with different conditions and objectives. Factors influencing participants' initial intent to participate in research also affect the decision to return individual results depending on the context. Additionally, institutional factors can dictate procedures for disclosure as well, including whether and if the possibility of incidental findings was discussed with participants at the time of consent, the clinical validity and utility of the result, and the disclosure policies at the collection site. 43 Since it is possible that data collection occurred in different contexts and time periods, we agreed to apply a case-by-case approach. Each sample provider complies with local ethics and legal guidelines, in accordance with the consent expressed by the participant. Thus, in the same project, some participants were entitled to receive some breast cancer-related results and others not based on their preference and existing policies. Of course, researchers can contact and re-consent where possible and practical, or they can get a waiver of re-consent from an ethics committee if certain situations are met.
Advances in Genomics and
It could be hazardous to propose a uniform standard for the return of results obtained from secondary (retrospective) use of data and samples in an international context. We can safely affirm, however, that each situation should be evaluated on an individual basis to ensure that return (or not) conforms to ethical and legal policies and the particular context of the research. But the use of data and samples to be collected in the future (prospective use) could benefit from current innovations in the ethics framework for return of results. In Canada, researchers have an ethical obligation to disclose any material incidental findings discovered in the course of the research. 30 Incidental findings are considered "material" if they have significant welfare implications for the well-being of a participant. Researchers need to have their plan to return results or not approved by an ethics committee.
Prospective projects can hope to benefit from lessons learned from the past. New projects can turn to emerging ethical standards for data sharing, including the proactive management of incidental findings. The recently published "International Charter of principles for sharing biospecimens and data" provides principles in collaboration with relevant stakeholders to do so: "participants should be allowed to have some options to express choices, or at least be provided clear information on the policy for return of incidental findings". 9
Research incentives and recognition
One of the emerging ethical issues related to the use of previously collected data and samples, or biorepositories, is how to properly acknowledge those involved in different phases of the research. To successfully achieve data sharing, novel means must be developed to appropriately recognize and incentivize data generators. 44 Many have underlined this fundamental issue related to rewarding researchers in the recent context of data sharing at large scales, such as the UK Royal Society, which called for a fundamental shift in the scientific culture, 45 or the UK Expert Advisory Group on Data Access, who concluded that research culture does not provide adequate rewards for researchers. 46 It bears repeating that the GA4GH has made the dual human rights of citizens to benefit from scientific advances and of scientists to be recognized, the foundation for its framework for responsible sharing of genomic and health-related data. 10 Advancement in research is closely related to research incentives and recognition. On the one hand, there is the traditional way of providing researcher incentives: intellectual property rights managed according to legal frameworks under specific jurisdictions. Patents, licenses, and trade secrets are part of this system for the recognition of researchers' work and contributions. They have been associated with genetic discoveries for decades. However, whether this system serves society's best interest is subject to vigorous debate. 47, 48 On the other hand, there are many challenges to this formal system and whether it ensures fair recognition of researchers involved in infrastructure science such as databases or biorepositories. 45, 46 This issue of due recognition for researcher involvement was discussed during the development of PERSPECTIVE. As previously explained, PERSPECTIVE is built on the principle of open science, therefore data and results should be released with minimal restrictions. 15 Before publishing Advances in Genomics and Genetics downloaded from https://www.dovepress.com/ by 54.70.40.11 on 10-Dec-2018 For personal use only.
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ethics and innovations in the dissemination of genomic data any results from PERSPECTIVE, the PERSPECTIVE Steering Committee shall determine whether there is an opportunity to patent or otherwise commercialize the content in respect of the applicable data and resource policies. These policies include, for instance, the possibility to use intellectual property rights defensively or strategically to better promote and disseminate the findings of the project to the global community. The current patent framework was not considered well suited for the type of collaboration planned in PERSPECTIVE. Managing patent ownership would have been a very complex issue considering involvement of hundreds of researchers and the sharing of samples and data from more than 90 repositories.
Expectations of endless and unproductive legal fights on patent issues related to genomics, such as those related to the Myriad Genetics BRCA gene patent, 49 the Long QT syndrome genetic test patent, 50 and the Canavan disease gene patent, 51 prompted the PERSPECTIVE team to adopt the open science approach. Monopolies on clinical genetic technology can directly affect the quality of patient care. 47 Business-oriented strategies and monopolies can undermine the capacity of physicians to estimate patient risk. 52 The cost of commercial patented genetic tests could be an important barrier for people in low-income countries, such as the case for noninvasive prenatal genetic testing. 53 Wide dissemination of PERSPECTIVE results − with the potential to enhance health care and stimulate more research − obtained through public funding, was judged to be in accordance with the ethical principles of maximization of benefits and reciprocity.
PERSPECTIVE will collect an important amount of raw data (eg, genotypic and phenotypic information) and will produce a large amount of raw data by sample genotyping and sequencing. However, considered alone, raw data or genomic data usually cannot be protected by patent or copyright. Therefore, the challenge is how to reward the producers of valuable datasets, as PERSPECTIVE contributors, whose data become the foundation for new analyses and understandings that researchers propose. 54 Bioresources are built from devoted scientists that used their leadership to get together expertise, innovative ideas, collaboration, and financial resources. But career metrics and assessment of productivity are still based on publications. 44 Creation of databases for use by others is not yet an achievement taken into account by funders and universities. On the one hand, broad data and sample sharing is a scientific imperative. On the other hand, it would be naïve to ignore the intellectual capacity and resources necessary to produce and make that data available for researcher use. To the latter point, scientists deserve to have their contribution properly recognized, including when repositories are used. 55, 56 This expectation is consistent with the principles of a human rights approach 57 to research and funding rules for health research (eg, research funding is based on work previously published). 58 Thus, equitable recognition of the involvement of a researcher is crucial to monitoring both incentives and sustaining scientific innovation.
To address the issue of researcher recognition in PERSPECTIVE, the set of guidelines developed for BCAC were applied. Among these guidelines, some help manage researcher recognition and support research incentives:
• grant first option to researchers who propose to analyze a specific analysis to lead analyses and to publish results with lead authorship; • give priority to BCAC members to publish results for a 12 month period after the completion of genotyping (or earlier, with special agreement); • recognize the contribution of researchers who make specific data available by offering collaborations in carrying out the analyses or in writing the scientific paper, and/or granting authorship; and, • recognize through authorship the involvement of individuals that provide data/samples, lead authors, members of the writing group or other working groups, and collaborators. In all cases, paper authorship must respect the recommendations of the International Committee of Medical Journal Editors that is, authorship should be based on substantial contribution to data acquisition and analysis. 59 BCAC guidelines are an illustration, hopefully suitable for the context of breast cancer genomics research, and the recognition of sample and data collection could be integrated into general research incentivization structures.
More dialogue and ethical policy initiatives are needed to develop management policy fully adapted to biorepositories and research databases. In all cases, a very delicate balance between data/samples release and researcher recognition should be maintained. Here too the "International Charter of principles for sharing bio-specimens and data" 9 advocates that data and sample sharing should follow criteria for properly acknowledging researcher contributions through rules of authorship and intellectual property rights. Proposed rules are set depending on the source of data and samples, and reflect the level of engagement of people who contribute to data generation. For instance, while data from governmental administrative databases should not lead to Advances in Genomics and Genetics downloaded from https://www.dovepress.com/ by 54.70.40.11 on 10-Dec-2018 For personal use only. authorship or special recognition, requests for processed data such as genome-wide association study data could include an offer of coauthorship and a note in the acknowledgments section of future papers. The GA4GH Framework for responsible sharing of genomic and health-related data 10 makes "Recognition and Attribution" one of the core elements of responsible data sharing. The Framework supports the development of data-sharing systems "which provide due credit and acknowledgement of all who contributed to the results". 10 It also recommends that recognition and attribution should be extended both to primary and secondary purposes, or downstream uses, and applications. The UK Royal Society has issued the Science as an Open Enterprise report on how the conduct of science needs to adapt to the new era of information technology. 45 Recognizing the reward system for researchers as an important issue to be addressed in order to promote data sharing, the recommendations propose to: • recognize data communication as an important criterion for career progression and reward; • reward open data on the same scale as journal articles and other publications; • include measures for assessment that reward collaborative ways of working; and, • improve the communication of research data by recognizing those who could maximize usability and good communication of the data. 45 The UK Expert Advisory Group on Data Access has identified areas in which incentives might be required to support researchers sharing data and to give due recognition to those who do so. 46 One of the recommendations of this advisory group is that research funders recognize the contribution of those who generate and share high-quality datasets, including as a formal criterion for assessing researchers' achievements. This Group also suggests that contributions of both early-career researchers and data managers (the two most disadvantaged groups) be recognized and valued appropriately.
Conclusion: facilitating future data sharing
Scientists recently identified large consortia that combine data from different projects for joint analysis as a successful model of data sharing. 60 It is similar to PERSPECTIVE's association with BCAC. Although consortia can provide tremendous support for efficient data sharing, they have some limits. One of the most obvious limits is at the same time a notable advantage: they are specialized. An ethical framework adapted specifically to a narrow field of research, such as breast cancer, may not be applicable to another field of research, such as mental or communicable diseases. For instance, policy on the return of results to individuals applicable to breast cancer research may not be suitable elsewhere. Another challenge for consortia is the capacity to expand data sharing outside of the consortium: data sharing is considered achieved when the global research community can access the database. Therefore, efforts need to be devoted by consortia to enlarging their sharing capacity and to expanding their users to include the wider research community. Finally, major discrepancies between multiple, national ethical policies seriously challenge the capacity of consortia to efficiently achieve data sharing.
Disseminating data to the scientific community in largescale international research projects presents a real ethical challenge. New approaches to consent, privacy protection, and intellectual property need to be developed to implement genomic technologies into personalized medicine. 47 In the absence of an effective ethical framework for rapidly sharing data across countries, researchers must be innovative. Human resources devoted to this "innovation" and its financial requirement are not frivolous. The lack of expertise and resources required to facilitate efficient data sharing remains a formidable barrier.
There are reasons to be optimistic, however, many of which are highlighted in this paper. Government agencies are increasingly prioritizing data sharing by making it an eligibility requirement to receive research funds, and innovative projects such as PERSPECTIVE are emerging which are founded on broad data-sharing practices and which encourage collaborative science. With enhanced data sharing comes the more pressing need to resolve issues of privacy protection, security, and ethics approvals not just within our regulatory homes, but beyond our jurisdictional borders. While retrospective projects may require more concerted harmonization efforts and tool development to facilitate data sharing, prospective projects may be better suited to benefit directly from the efforts hopefully exemplified by PERSPECTIVE and other similar data-sharing projects.
